SUPPLEMENTARY NOTES
These secondary standards were thoroughly analyzed at the time that they were made. However, two of these standards, f's 18 and 20, manganese bronzes, yield nearly identical zinc results on the emission spectrograph, although their previous analyses show them to be different. Therefore, the series of high zinc standards containing these two was included in this study in order to check the previous results.
In addition, when samples of wire or other material, received for analysis, were unsuited for X-ray fluorescence or emission spectrographic analysis, slow gravimetric methods had to be used. Development of atomic absorption methods would allow faster analyses and would provide a means of checking the concentration of zinc in the RIA standards.
PROCEDURE
A literature search was made to determine if previous work had been done on the subject. The search revealed that several copper-base alloy analyses , have been developed, in which atomic absorption spectrophotometry was used. '^' The method of analysis described in Reference h ("AA Cookbook") was used as the basis for this study.
The optimum absorbance range in atomic absorption spectrophotometry is 0.1 to 0.5 absorbance units. To prepare solutions having absorbances within this optimum range, Reference h requires several different sample sizes and a number of dilutions to determine elements in copper-base alloys due to the wide spread of elemental concentrations. This investigation was initiated to determine if a method requiring only one sample size and a single sample dilution could be developed.
Each element has a primary wavelength chosen for routine operation because the greatest amount of absorption is obtained at this wavelength. However, other wavelengths may be used which result in smaller amounts of absorption. Similarly different burner positions relative to the hollow cathode light beam are also used. A burner parallel to the light beam permits the greatest amount of absorption of the beam by atoms in the flame. By making the burner position less and less parallel to the beam, light absorption may be attenuated.
A half-gram sample of NBS 62D, manganese bronze, was dissolved by the method of Reference h and diluted to ICO ml. Working with the elemental concentrations found in this solution, various wavelengths and burner positions were investigated to see if absorbance values within useful limits could be obtained. Conditions were found for all elements present in the manganese bronze in low concentrations. A 1:100 sample dilution was tnen made and parameters were determined for the elements present in high concentrations.
A Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer, equipped with a Digital Concentration Readout, DCR-1, was used for this investigation. The operating conditions for each element are listed in Table 1 .
Stock solutions of known metal concentration were procured commercially with the exception of Zn, Sn, Al, and Fe. Solutions of these metals were prepared with pure metals (at least 99.<#) as described in Reference h. All acide and other chemicals were reagent grade. One set of standard solutions containing the elements of interest in various concentrations was used. This set of standards is more fully described in Table 2 . Each standard solution contained five percent by volume of concentrated HC1 (hydrochloric acid) in addition to the elements of interest.
Half-gram (0.500C) chip samples were weighed into 300 ml Erlenmeyer flasks. Ten ml of 1:1 HC1 and one-half ml of concentrated HNO3 (nitric acid) were added to the flasks. The flasks were heated until dissolution was complete. In some instances, more concentrated HNO3 was added dropwise to effect complete dissolution. Once the chips were dissolved, solutions were boiled at least five minutes longer to completely remove any excess unreacted HNO3. The solutions were then cooled and transferred to 100 ml volumetric flasks each containing 10 ml of 1:1 HC1 and brought to volume with distilled water. Finally, a 1:100 dilution of each of these chip solutions was made.
Parameters were adjosted for each element on the atomic absorption spectrophotometer, and the samples and standards were aspirated alternately from low concentration to high, and back again. Average values (absorbance or set concentration readout) of aqueous standards versus percentages of element were plotted to give calibration curves from which concentrations were determined.
In this manner, the NBS reference materials were treated as unknowns, and the results were compared with the certified values for evaluation of the method.
RESULTS AND DISCUSSION
The analysis procedure described above represents the best combination to date of sample size with a minimum of dilutions for the analysis of seven different elements in copper-base alloys. NBS reference materials were analyzed by this procedure. The results of these analyses are presented in Tables 3 through 9 -Four locally prepared secondary standards were also analyzed by this method. Results of these analyses are given in Tables 10 through l6. Table 12 shows the zinc analyses for the locally prepared standards. Although the results for zinc in standards 18 and 20 are higher than previously determined, the method does show that the concentration of zinc in the two standards is not the same. Therefore, the anomaly of the emission spectrographic zinc results for these two standards 18 and 20 must be due to another factor, perhaps an optical interference.
The tables contain the arithmetic mean, standard deviation, coefficient of variation, and deviation of mean from certified or previously determined value for each elemental determination. The coefficient of variation in percentage is defined as standard deviation x 100. mean
In general, the results of the analyses were acceptable. The determinations of iron, copper, zinc, manganese and aluminum were straightforward and without problem. Aluminum always was determined last. Just before the aluminum determination, one-half gram of sodium chloride (NaCl) was added to each sample and standard solution, and was mixed until dissolution was complete. The addition of sodium to the solutions prevents ionization of the aluminum in the hot N^O-CpIL^ flame.5 Some difficulties were encountered with the determination of the two other elements. Each of these elements is discussed below:
Nickel. Neither the nickel plot of concentration of aqueous standards versus absorbancc nor a similar plot of the NBS reference material samples (See Figure) is straight. Such curvature, known as chemical interference, is due to nickel compounds not being broken down readily in the flame to form neutral atoms suitable for light absorption.6 If care is exercised so that samples and standards are closely matched, this curvature is no longer a problem.
Tin. In a half-gram sample diluted to 100 ml the concentration of tin ranged from 5 to 60 ppm. This level of tin is near the detection limit for this element. However, use of scale expansion, while causing increases in the coefficient of variation, does permit acceptable determinations. Ibid., p. 78.
SUMMARY
In the atomic absorption spectrophotometric method of analysis described, a single sample dilution and easily prepared aqueous standards are used to determine Cu, Zn, Mn, Al, Sn, Fe and Ni in roppcr-base alloys. The method is presently used at Rodman Laboratory where sample size or shape precludes the use of X-ray fluorescence or optical emission spectroBCOpy, and where appropriate spectroscopic standards are unavailable.
RECOMMENDATIONS
Since the method has proved useful to Rodman Laboratory, this method is recommended for use in other laboratories, if proper equipment is available. 
